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(54) [Title of the Invention] 



AMPLIFICATION-TYPE SOLID-STATE IMAGE PICKUP ELEMENT 

5 

(57) [Abstract] 
[Object] 

To improve a light -sensitivity characteristic 
by decreasing reduction in output, wherein the 

10 reduction is caused by a large storage capacitance. 
[ Configuration ] 

A photo-electric converting portion PD 
generates photocharges according to an amount of 
incident light. A PD reset switch SI fixes one 

15 potential for the portion PD at an arbitrary 

potential of an arbitrary period, and the switch SI 
also fixes the potential of a control- input terminal 
of an amplifying element at an arbitrary potential 
for an arbitrary period. A control portion Sc 

20 electrically connects and/or disconnects a 

capacitance portion of the photo-electric converting 
portion, in which photocharges generated in the 
photo-electric converting portion PD are stored, ; and 
a capacitance portion of the amplifying element, in 

25 which photocharges introduced into the input terminal 
thereof are stored. 
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[Scope of Claims for Patent] 
[Claim 1]. 

An amplification- type solid-state image pickup 
element which includes a photo-electric converting 
5 portion which generates photocharges according to an 
amount of incident light so that the photocharges are 
introduced into a control input terminal of an 
amplifying element formed for each pixel and an 
electric signal depending on the amount of incident 
10 light is amplified and read out from each pixel, 
comprising: 

a capacitance portion in the converting portion, 
for storing photocharges generated in the photo- 
electric converting portion, 

15 a capacitance portion in the amplifying element, 

for storing photocharges introduced into control 
input terminals of the amplifying element ; and 

arbitrary control portions which are installed 
for each pixel and can electrically connect and 

20 disconnect the both capacitance portions. 
[Claim 2] 

The amplification-type solid-state image pickup 
element according to claim 1 , wherein 

the capacitance for storing the photocharges 
2 5 introduced into the amplifying element is larger than 
that for storing the photocharges generated in the 
photo-electric converting portion. 
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[Claim 3] 

The amplification- type solid-state image pickup 
element according to claim 1, further comprising: 

other control portion, other than the control 
5 portions installed for each pixel, which can fix the 
potential of the control input terminals of the 
amplifying element at an arbitrary potential for an 
arbitrary period. 

10 [Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to an 
amplification- type solid-state image pickup element, 
15 and, more particularly, to a device which reads out 
optical information signal, used in, for embodiment, 
a facsimile machine, a color copying machine, and a 
video camera, and a solid-state image pickup element. 
[0002] 

20 [Description of the Prior Art] 

A conventional amplification- type solid-state 
image pickup element is an XY- address -type area image 
sensor which amplifies an optical information signal 
obtained in a photo-electric converting portion in 

25 the same pixel, and reads out the optical information 
signal through a vertical and a horizontal scanning 
switch circuits. FIG. 17 shows a structure for one 
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pixel in the conventional amplification- type solid- 
state image pickup element (hereinafter, called a 
conventional element). FIG. 18 shows an equivalent 
circuit for one pixel in the conventional 
5 amplification-type solid-state image pickup element. 
In the drawing, 501 is a P-type single crystal 
silicon substrate; 502 is an (n+) area (n+ denotes a 
concentrated part in an n-type semiconductor area) ; 
503 is a silicon oxide layer; 504 is a first aluminum 
10 layer; 505 is a low-resistance polysilicon layer; 

506 is an interlayer insulation layer; and 507 is a 

second aluminum layer. 

[0003] 

One pixel of the conventional element 
15 comprises: an (n+) P photodiode PD as a photo- 
electric converting portion; and three n-channel 
metal oxide semiconductor (MOS) field effect type 
transistors of a switch Trs for reset of the PD, an 
amplifying element Ta, and a vertical selection 
20 switch Ty. A horizontal scanning switch Tx is 

provided for each vertical signal line. The above- 
described conventional element has a fundamental 
configuration in which the photocharges generated 
according to an amount of incidence light under a 
25 reverse-bias state are stored in a capacitance 

portion C PD of the PD and a capacitance portion C G of 
the amplifying element Ta to change the potential of 
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a gate electrode which is the control input terminal 
of Ta to read out an optical electric signal 
according to optical information after current 
amplification, and the basic operations are shown as 
5 follows: 
[0004] 

In a reset period, one potential V p of the 
photo-electric converting portion PD is set at an 
initial value Vrs (positive potential) by putting Trs 

10 into a conducting state. In a storing period, V p 
enters a floating state (hereinafter, called 
floating) with regard to the potential by putting Trs 
into a nonconducting state (OFF state). At this time, 
among negative electrons and hole pairs excited by PD, 

15 the electrons are stored in, C PD , C G , and the like, 

and the positive holes flow out to the substrate by 
irradiating light. Accordingly, the potential of V p 
is decreased according to the amount of incident 
light . As V p is electrically connected to the gate 

20 electrode of the control input terminal of the 

amplifying element Ta at any time, the potential of 
V p and that of Vo of the gate electrode of Ta are 
always the same with each other. Reduction in V p 
simultaneously causes decreased V G , and an amplified 

25 current according to V p of PD can be read out through 
Ty and Tx. Though the above -described conventional 
element has a negative- type characteristic by which 
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the maximum current flows in a dark state (a state in 
which light does not enter onto PD) # V G is decreased 
as the amount of incident light is increased, and an 
output current is reduced, there is another type of 
5 conventional element in which the potential of the 
control input terminal of the amplifying element 
rises to increase an output current, depending on a 
kind of a photo-electric converting portion or an 
amplifying element, or a method of a signal output 
10 circuit. 
[0005] 

The above-described in the conventional element 
has a photo-electric converting characteristic as an 
important characteristic required for a solid-state 

15 image pickup element, and characteristic values are 
calculated from the following calculations. The 
total storage capacitance C ST indicating the amount Qp 
of all stored photocharges after photo-electric 
conversion according to the amount of incident light 

20 is mainly expressed as the sum total of the 

electrostatic capacitance C PD of the photo diode PD; 
the capacitance C G of the gate in the amplifying 
element Ta; and the capacitance rsC G . D between the 
gate and the drain of the switch Trs for reset and 

25 the capacitance rsC D . SUB between the drain and the 
substrate of the switch Trs for reset. Among the 
above -described capacitances, rsC G _ D and rsC D . SUB are 
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expected to be a parasitic capacitance. Thereby, C ST 
can be expressed by the following formula (1): 
[0006] 

5 C ST = C PD + C G + rsC G _ D + rsC D _ SUB 

Accordingly, a potential change AV p at both ends of 
the photo diode is expressed in the following formula 
(2) according to the amount of incidence light: 

10 

AV p = Qp / C ST = Qp/ (C PD + C G + rsC G . D + rsC D _ SUB ) -(2) 

Then, the potential V G of the gate in the amplifying 
element Ta is expressed as a formula (3): 

15 

V G = V p = V RS - AV p 

— V RS - Qp/(C PD + C G + rsC G _ D + rsC D _ SUB ) ...(3) 

When it is assumed that the gain of a read-out 
20 circuit is Av, and a threshold voltage is V T , an 

output voltage V s after amplification is expressed in 
a formula ( 4 ) : 



V s = Av(V G - V T ) 
25 = Av(V RS - Qp/(C PD + C G + rsC G . D + rsC D . SUB+ ) - V T ) ...(4) 



Moreover, when a load resistance is assumed to be R L , 
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an output current after amplification is expressed as 
a formula ( 5 ) : 

Is = V S /R L 

5 = (Av/RJ{V RS - Qp/(C PD + C G + rsC G _ D + rsC D _ SUB+ ) - V T > 

~(5) 

[0007] 

It is found from the above -described formulae 

10 (4) and (5) that the larger C ST causes the smaller 

AVs-Als, because the values of a variation AVs of the 
output voltage, and a variation Als of the output 
current are strongly effected by the total storage 
capacity C ST , wherein both values depend on the 

15 increase and decrease of the amount of incident light. 
As the total storage capacitance is the total sum of 
the electrostatic capacitance of the photo diode PD 
and the capacitance of the gate and the parasitic 
capacitance of the amplifying element in the 

20 conventional element, the total storage capacitance 
necessarily becomes a large value and the variation 
AVsAls of the output value after amplification is 
reduced to cause a problem that the light -sensitivity 
characteristic is deteriorated . 

25 [0008] 

An amount of light entering onto one pixel has 
been reduced, and the amount Qp of charges after 
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photo-electric conversion has been decreased along 
with increase in a number of pixels and in processing 
speed of a solid-state image pickup element. On the 
other hand, better halftone has been required, and 
5 large output, that is, higher light-sensitivity has 
been expected. When, in a solid-state image pickup 
element, the number of pixels is increased, the 
processing sped is raised, and the halftone is 
improved, the conventional element has had a large 
10 problem that the light-sensitivity characteristic is 
worsened by the large total storage capacitance. 
[0009] 
[Object] 

The present invention has been made considering 
15 the above situations, and an object of the invention 
is to provide an amplification- type solid-state image 
pickup element by which light sensitivity is improved 
by decreasing reduction in output, caused by a large 
storage capacitance . 
20 [0010] 

[Configuration] 

In order to achieve the above -de scribed object, 
an amplification-type solid-state image pickup 
element of the present invention, which includes a 
25 photo-electric converting portion which generates 

photocharges according to an amount of incident light 
so that the photocharges are introduced into a 
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control input terminal of an amplifying element , 
formed for each pixel and an electric signal 
depending on the amount of incident light is 
amplified and read out for each pixel, is 
5 characterized in that 

(1) the solid-state image pickup element 
comprises: a capacitance portion in the photo- 
electric converting portion, which stores 
photocharges generated in the above -described photo- 

10 electric converting portion; a capacitance portion in 
the amplifying element , which stores photocharges 
introduced into control input terminals of the 
amplifying element ; and arbitrary control portions 
which are installed for each pixel, and can 

15 electrically connect and disconnect the both 
capacitance portions, 

(2) the capacitance for storing the 
photocharges introduced into the above -described 
amplifying element is larger than that for storing 

20 the photocharges generated in the photo-electric 
converting portion, and 

(3) other control portion, other than the 
control portions installed for each pixel, which can 
fix the potential of the control input terminals of 

2 5 the amplifying element at an arbitrary potential for 
an arbitrary period, are provided. Hereinafter, the 
invention will be described, referring to embodiments. 
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[0011] 

FIG. 1 is a view explaining a structure as one 
embodiment of an amplification- type solid-state image 
pickup element according to the present invention. 
5 In the drawing, 101 is a semiconductor substrate; 102 
are an area of a high concentration of impurities; 
103 are a gate oxidation layer; 104 are a gate 
electrode; 105 are an interlayer insulation layer; 
106 are a metallic electrode; 107 is a second 

10 interlayer insulation layer; 108 are a second 

metallic electrode; and 109 is a passivation layer. 
The invention relates to a light input circuit of the 
amplification- type solid-state image pickup element, 
that is, a structure in which photocharges generated 

15 in the photo-electric converting portion is 

introduced into control input terminals of an 
amplifying element. Especially, the invention does 
not depend on methods of signal output circuits after 
the amplifying element. Accordingly, the invention 

20 can be applied to all the methods used in the signal 
output circuits after the amplifying element, even if 
the signal output circuits after the amplifying 
element have adopted a current detection method, a 
voltage detection method, or a charge detection 

25 method. Hereinafter, the configuration, the 
structure, and the equivalent circuit of the 
amplification-type solid-state image pickup element 
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according to the invention will be explained, 
referring only to the light input circuit. 
[0012] 

The semiconductor substrate 101 is a 
5 semiconductor substrate made from silicon and the 
like, and has a p-type or an n-type semiconductor 
characteristic, depending on intentional implantation 
of impurity elements such as arsenic and phosphorus . 
The area 102 of a high concentration of impurities is 

10 an area in which an abundance of, especially, the 
above-described impurity elements are implanted to 
have low electrical resistance, and the area forms 
the source electrode and the drain electrode for SI, 
or the source electrode and the drain electrode for 

15 Sc. Moreover, the above-described area 102 of a high 
concentration of impurities functions as a part for a 
p-n junction in the PD portion, wherein the part for 
a p-n junction works as a photo-electric converting 
site. The gate oxidation layer 103 represents a gate 

20 oxidation layer of SI, or that of Sc. The gate 

electrodes 104 represents a gate electrode of SI, or 
that of Sc, and, usually, polysilicon, silicide, 
aluminum, or the like are used for the gate electrode. 
The gate electrode 104 functions as the control input 

25 terminal of SI or Sc. The interlayer insulation 

layer 105 is an interlayer insulation layer made from 
Si0 2 and the like, and is provided for insulation of 



- 13 - 



the source electrode, the gate electrode and the 
drain electrode of SI, or for insulation of the 
source electrode, the gate electrode and the drain 
electrode of Sc. The metallic electrode 106 
5 represents an electrode made of a metal such as 

aluminum, and forms the source electrode of SI and 
the drain electrode of Sc. The second metallic 
electrode 108 shading arbitrary portions is insulated 
from the metallic electrode 106 by the second 

10 interlayer insulation layer 107. The passivation 

layer 109 secures reliability at use of an element in 
a high temperature and humidity environment, and 
prevents the element from being destroyed by external 
factors, and, usually, a silicon oxide layer and a 

15 silicon nitride layer are applied to the passivation 
layer 109. 
[0013] 

FIG. 2 is an equivalent circuit of the light 
input circuit in the amplification-type solid-state 

20 image pickup element provided with the structure 
shown in FIG. 1. PD represents a photo-electric 
converting site in which photocharges are generated 
according to the amount of incident light, and SI is 
a PD reset switch which fixes one potential V p of PD 

25 at an arbitrary potential for an arbitrary period, 

and the potential V G of the control input terminal of 
the amplifying element at another arbitrary potential 
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for another arbitrary period. The present invention 
is characterized in that Sc is a control portion. Sc 
is configured to electrically connect and disconnect 
the capacitance portion in the photo-electric 
5 converting portion, which stores photocharges 

generated in the photo-electric converting portion, 
and the capacitance portion in the amplifying element, 
which stores photocharges introduced into control 
input terminals of the amplifying element . V G 

10 represents the potential of the control input 
terminal of the amplifying element . When 
photocharges, which are generated according to the 
amount of light coming into PD and are stored in the 
capacitance portion of the photo-electric converting 

15 portion, are introduced into the control input 

terminal of the amplifying element and are stored in 
the capacitance portion of the amplifying element 
under control of Sc, the potential of V G is changed, 
and, after signal amplification, an output voltage or 

20 an output current corresponding to a changed portion 
of V G is detected in a signal detection circuit after 
the amplifying element, (pi represents the control 
input terminal of SI, and cp2 represents the control 
input terminal of Sc. Moreover, the other potential 

25 GND of PD is earthed at any time. 
[0014] 

FIGS. 3 (a) to (d) are views showing a timing 
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chart at operation of the solid-state image pickup 
element according to claim 1 of the present invention. 
The operations are roughly divided into a reset 
operation, a first storing operation, a second 
5 storing operation and a reading-out operation, and 
the reading-out operation is executed according to 
the method of the signal output circuit. FIGS. 4 (a) 
to (e) are views showing space potential maps 
(hereinafter, called potential maps) at time t x , t 2 , 

10 t 3 , and t 4 for the photocharge-storing capacitance 

portion in the photo-electric converting portion and 
the photocharge-storing capacitance portion in the 
amplifying element. The solid-state image pickup 
element according to the invention is especially 

15 characterized in the light input circuit, and the 
features of the solid-state image pickup element 
according to the invention, for example, the reset 
operation, the first storing operation and the second 
storing operation will be explained, referring to FIG. 

20 2 to FIGS. 4 (a) to (e) . 
[0015] 

During the period of t x for the reset operation, 
one potential V p of the photo-electric converting 
portion PD, and the potential V G of the control input 
25 terminal of the amplifying element are set at an 

initial value Vrs (1) by setting cpl at a potential of 
Vcp L (1), and, at the same time, by setting <p2 at a 
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potential of Vcp 2 (1). Subsequently, cp2 is set at a 
potential of Vcp 2 (3) under a state that cpl is set at 
Vq>! (1). Then, Sc is put into the nonconducting state, 
and V G is fixed at Vrs (1) to enter the floating 
5 state. Subsequently, V p is fixed at Vrs (2) by 

setting Vrs at a potential Vrs (2) different from Vrs 
(1) during the period of t 2 for reset operation . 
[0016] 

During the first storing operation denoted by t 3 , 
10 V p is put into floating state by putting SI into the 
nonconducting state under a state in which the 
potential of cpl is Vcp x (2). At this time, when light 
enters onto PD in a reverse bias state, photocharges 
Ql are generated according to the amount of incident 
15 light, and charges of either of a negative electron 
or a positive hole are stored in the capacitance 
portion C ST (1) of the photo-electric converting 
portion. Thereby, the potential of V p is changed by 

AV p according to Ql and C ST ( 1 ) . During the second 
20 storing operation denoted by t 4 , a potential barrier 
of Sc is decreased by an arbitrary value by setting 
the potential of 92 at Vq> 2 (2), and the photocharges 
stored in C ST (1) are moved to the photocharge- storing 
capacitance portion C ST (2) in the amplifying element 
25 for storage. Thereby, the potential V G of the control 
input terminal of the amplifying element is changed 
by AV G according to Ql and C ST ( 2 ) . According to the 
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change in the potential of V G# an electric signal 
depending on light information is amplified and is 
detected in a single output circuit. 
[0017] 

5 That is, in the solid-state image pickup 

element according to claim 1 of the present invention, 
the capacitance C ST ( 1 ) of the photocharges , which 
have been generated according to the amount of light 
entering onto the photo-electric converting portion 

10 PD and are temporarily stored, is considered to be 
the total sum of the capacitance C PD of PD; the 
capacitance S i c c-d between the gate and the drain and 
the capacitance S i c d-sub between the drain and the 
substrate of SI; and the capacitnce S cC G -s between the 

15 gate sources of Sc. That is, the capacitance C ST (1) 
is expressed by a formula (6): 

C ST ( 1 ) ~ C pD + si^C-D ~*~ Sl^D-SUB SC^G-S ( 6 ) 



20 When it is assumed that the amount of charges stored 
in the above -described C ST (1) is Ql, the variation 
AV p of the potential of V p is expressed by a formula 
(7): 

25 AV p = Ql/ C ST (1) 

= Ql/ ( C pD + si^-*C-D Sl^D-SUB SC^G-S ) •♦•("7) 
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[0018] 

The photocharges which have been stored in the 
above- described photocharge- storing capacitance C ST 
(1) are transferred to the photocharge-storing 
5 capacitance C ST ( 2 ) of the amplifying element under 
control of Sc. At this time, the capacitance C ST (2) 
of the stored photocharges is considered to be the 
total sum of the capacitance S c c g-d between the gate 
and the drain and the capacitance sc^d-sub between the 

10 drain and the substrate of Sc; and the capacitance C G 
of the gate in the amplifying element. Here, when a 
junction field-effect transistor, a bipolar 
transistor, and the like are used as the amplifying 
element, the capacitance C BG _ SUB between the back gate 

15 and the substrate is further added. Accordingly, the 
capacitance C ST (2) is expressed by a formula (8): 

Cgx (2) = SC^G-D SC^D-SUB ^BG-SUB •♦•(8) 

20 As the amount of charges stored in the above- 
described C ST (2) is equal Ql, the variation AV G of 
the potential of the control input terminal of the 
amplifying element is expressed by a formula (9): 

25 V G = Q1/C ST (2) 

= Ql/ (sC^G-D SC^D-SUB ^G ^BG-SUB ) •••(9) 
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[0019] 

Moreover, the amplification- type solid-state 
image pickup element according to claim 2 of the 
present invention is characterized in that C ST (2) is 
5 configured to be small than C ST (1) which has been 
described. In the amplification- type solid-state 
image pickup element according to claim 2 of the 
invention, a configuration in which the capacitance 
of the amplifying element, the capacitance between 

10 the back gate and the substrate, and the like are 
made small is effective in order to make C ST (2) 
smaller than C ST (1). For embodiment, the above - 
described capacitances can be reduced by using a 
surface field effect transistor (generally called a 

15 metal oxide semiconductor field-effect transistor 
(MOS transistor)) for the amplifying element. The 
reason is that the capacitances can be arbitrarily 
reduced by a configuration in which the size of the 
element is made smaller because the capacitance of 

20 the gate in the surface field effect transistor 

depends on the size of the element. Moreover, though 
it is expected that the capacitance between the back 
gate and the substrate, the capacitance between the 
collector and the substrates, and the like are larger 

25 than the capacitance of the surface field effect 

transistor when a junction field-effect transistor 
and a bipolar transistor is used for the amplifying 
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element, the capacitance between the back gate and 
the substrate can be made smaller by adjusting the 
potential difference therebetween, and the 
capacitances between the collector and the substrate 
5 can be made smaller by adjusting the potential 
difference therebetween. 
[0020] 

That is, when the amount of photocharges 
generated in the PD portion is constant, the smaller 

10 C ST causes the better light sensitivity. The light 
sensitivity of the amplification- type solid-state 
image pickup element according to claim 2 of the 
present invention is further larger than that of the 
amplification-type solid-state image pickup element 

15 according to the aspect of the invention, because C ST 
(2) is smaller than C ST (1), and the value of the AV C 
is larger than that of AV p , based on the following 
formula ( 10 ) : 

20 AV C = AV p = {Q1/C ST (2)} x {Q1/C ST ( 1 ) } = C ST (1)/C ST (2) 
...(10) 

[0021] 

Subsequently, a configuration and operations of 
25 an amplification- type solid-state image pickup 

element according to claim 3 of the present invention 
will be explained as follows. FIG. 5 is a view 
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showing a structure of a light input circuit for one 
pixel in the amplification- type solid-state image 
pickup element according to claim 3 of the invention. 
In the drawing, 201 is a semiconductor substrate; 202 
5 are an area of a high concentration of impurities; 
203 are a gate oxidation layer; 204 are a gate 
electrode; 205 are an interlayer insulation layer; 
206 are a metallic electrode; 207 is a second 
interlayer insulation layer; 2 08 are a second 
10 metallic electrode; and 209 is a passivation layer. 
[0022] 

The semiconductor substrate 201 is a 
semiconductor substrate made from silicon and the 
like, and has a p-type or an n-type semiconductor 

15 characteristic, depending on intentional implantation 
of impurity elements such as arsenic and phosphorus . 
The area 202 of a high concentration of impurities is 
an area in which an abundance of, especially, the 
above -described impurity elements are implanted to 

20 have low electrical resistance, and the area forms 

the source electrode and the drain electrode for SI, 
the source electrode and the drain electrode for S cl , 
or the source electrode and the drain electrode for 
S C2 . Moreover, the above -described area 202 functions 

25 as a part for a p-n junction in the PD portion, 

wherein the part for a p-n junction works as a photo- 
electric converting portion. The gate oxidation 
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layers 203 represents a gate oxidation layer of SI, 
that of S C1 , or that of S C2 . The gate electrode 204 
represents a gate electrode of SI, that of S C1 , or 
that of S C2 , and, usually, polysilicon, silicide, 
5 aluminum, and the like are used for the gate 

electrodes. The gate electrode 204 functions as the 
control input terminal of SI, S C1 , or S C2 . The 
interlayer insulation layer 205 is an interlayer 
insulation layer made from Si0 2 and the like, and is 

10 provided for insulation of the source electrode, the 
gate electrode and the drain electrode of SI, for 
insulation of the source electrode, the gate 
electrode and the drain electrode of S cl , or for 
insulation of the source electrode, the gate 

15 electrode and the drain electrode of S C2 . The 

metallic electrode 206 represents an electrode made 
of a metal such as aluminum, and forms the source 
electrode of SI, the drain electrode of S cl , and the 
source electrode and the drain electrode of S C2 . The 

20 second metallic electrode 208 shading arbitrary 

portions is insulated from the metallic electrode 206 
by the second interlayer insulation layer 207. The 
passivation layer 209 secures reliability at use of 
an element in a high temperature and humidity 

25 environment, and prevents the element from being 
destroyed by external factors, and, usually, a 
silicon oxide layer and a silicon nitride layer are 
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applied to the passivation layer 209 . 
[0023] 

FIG. 6 is an equivalent circuit of the light 
input circuit in the amplification- type solid-state 
5 image pickup element provided with the structure 
shown in FIG. 5. PD represents a photo-electric 
converting portion in which photocharges are 
generated according to the amount of incident light , 
and SI is a PD reset switch which fixes one potential 

10 V p of PD at an arbitrary potential Vrs 1 for an 

arbitrary period. Claim 3 of the present invention 
is characterized in that S C1 and S C2 are a control 
portion. S cl is configured to electrically connect 
and disconnect the capacitance portion in the photo- 

15 electric converting portion, which stores 

photocharges generated in the photo-electric 
converting portion, and the capacitance portion in 
the amplifying element , which stores photocharges 
introduced into control input terminals of the 

20 amplifying element. S C2 is configured to fix the 
potential V G of the control input terminal of the 
amplifying element at an arbitrary potential Vrs 2 for 
an arbitrary period. V G represents the potential of 
the control input terminal of the amplifying element . 

25 When photocharges, which are generated according to 
the amount of light coming into PD and are stored in 
the capacitance portion of the photo-electric 
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converting portion, are introduced into the control 
input terminal of the amplifying element and are 
stored in the capacitance portion of the amplifying 
element under control of S cl and S C2 , the potential of 
5 V G is changed, and, after signal amplification, an 

output voltage or an output current corresponding to 
a changed portion of V G is detected in a signal 
detection circuit after the amplifying element, cpl 
represents the control input terminal of SI; cp2 
10 represents the control input terminal of S C1 ; and q>3 
represents the, control input terminal of S C2 . 
Moreover, the other potential GND of PD is earthed at 
any t ime . 
[0024] 

15 FIGS. 7 (a) to (d) are views showing a timing 

chart at operation of the solid-state image pickup 
element according to claim 3 of the present invention, 
and, in FIG. 7, (a) shows a timing chart for <pl; (b) 
shows a timing chart for cp2; (c) shows a timing chart 

20 for cp3; and (d) shows an operation state. The 

operations are roughly divided into a reset operation, 
a first storing operation, a second storing operation 
and a reading-out operation, and the reading-out 
operation is executed according to the method of the 

25 signal output circuit. FIGS. 8 (a) to (d) are views 
showing potential maps at time t 1# t 2 , and t 4 for the 
photocharge- storing capacitance portion in the photo- 
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electric converting portion and the photocharge- 
storing capacitance portion in the amplifying element . 
The solid-state image pickup element according to the 
invention is especially characterized in the light 
5 input circuit, and the features of the solid-state 
image pickup element according to the invention, for 
example, the reset operation, the first storing 
operation, and the second storing operation will be 
explained, referring to FIG. 6 to FIGS. 8 (a) to (d) . 
10 [0025] 

During the period of t 1 for the reset operation, 
one potential V p of the photo-electric converting 
portion PD is fixed at an initial value Vrs x and the 
potential V G of the control input terminal of the 

15 amplifying element is fixed at an initial value Vrs , 
simultaneously, by setting cpl at a potential of Vcp x 
(2), by setting (p2 at a potential of Vcp 2 (2), and by 
setting q>3 at a potential of Vcp 3 (1). Subsequently, 
during the first storing operation denoted by t 2 , V p 

20 and V G enter the floating state by putting SI and S C2 
into the nonconducting state under a state in which 
the potential of cpl is Vq> x (2), and, at the same time, 
the potential of cp3 is Vcp 3 (2). At this time, when 
light enters onto PD in a reverse bias state, 

25 photocharges Ql are generated according to the amount 
of incident light , and charges of either of a 
negative electron or a positive hole are stored in 
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the capacitance portion C ST (1) of the photo-electric 
converting portion. Thereby, the potential of V p is 

changed by AV p according to Ql and C ST ( 1 ) . During 
the second storing operation denoted by t 3/ a 
5 potential barrier of S cl is decreased by an arbitrary 
value by setting the potential of <p2 at Vcp 2 (2), and 
the photocharges stored in C ST (1) are moved to the 
photocharge- storing capacitance portion C ST (2) in the 
amplifying element for storage. Thereby, the 
10 potential V G of the control input terminal of the 

amplifying element is changed by AV G according to Ql 
and C ST (2). According to the change in the potential 
of V G , an electric signal depending on light 
information is amplified and is detected in a single 
15 output circuit . 
[0026] 

That is, in the solid-state image pickup 
element according to claim 3 of the present invention, 
the capacitance C ST (1) of the photocharges, which 

20 have been generated according to the amount of light 
entering onto the photo-electric converting portion 
PD and are temporarily stored, is considered to be 
the total sum of the capacitance C PD of PD; the 
capacitance S1 C G _ D between the gate and the drain and 

25 the capacitance S1 C D . SUB between the drain and the 

substrate of SI; and the capacitnce SC iC c _ s between the 
gate and the source of S cl . That is, the capacitance 
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C ST (1) is expressed by a formula (11): 

Cst (1) = C pD + Sl^G-D + Sl^D-SUB ~*~ SC1^C-S .« ( 1 1 ) 

5 When the amount of charges stored in the above - 

described C ST (1) is assumed to be Ql , the variation 
AV p of the potential of V p is expressed by a formula 
(12) : 



10 AV p = Ql/ C ST (1) 

~ Ql/ ( C pD + Sl^G-D + Sl^D-SUB + SC1^C-S ) — (12) 

[0027] 

The photocharges which have been stored in the 
15 above- described photocharge- storing capacitance C ST 
(1) are transferred to the photocharge -storing 
capacitance C ST (2) of the amplifying element under 
control of S cl . At this time, the capacitance C ST (2) 
of the stored photocharges is' considered to be the 
20 total sum of the capacitance SC iC G . D between the gate 
and the drain and the capacitance S i c d-sub between the 
drain and the substrate of S cl ; the capacitance S c2^g-d 
between the gate and the drain and the capacitance 
s2 C d-sub between the drain and the substrate of S C2 ; and 
25 the capacitance C G of the gate in the amplifying 
element. Here, when a junction field-effect 
transistor, a bipolar transistor, and the like are 
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used for the amplifying element, the capacitance 
c bg-sub between the back gate and the substrate is 
further added. Accordingly, the capacitance C ST (2) 
is expressed by a formula (13): 

C ST ( 2 ) = SC1^G-D + SCl^D-SUB + SC2^G-D + SC2^D-SUB + + ^BG-SVB 

..(13) 



As the amount of charges stored in the above - 

10 described C ST (2) is equal Ql , the variation AV G of 
the potential of the control input terminal of the 
amplifying element is expressed by a formula (14): 



AV G = Ql/ C ST (2) 

15 = Ql/ ( SC1^G-D + SCl^D-SUB SC2^G-D + SC2^D-SUB + + ^BG-SUB 3 

...(14) 



[0028] 

Subsequently, an embodiment 1 will be shown as 
20 one embodiment of the amplification- type solid-state 
image pickup element according to claims 1 and 2 of 
the present invention: 
<Embodiment 1> 

The amplification-type solid-state image pickup 
25 element according to an embodiment 1 is an XY- 

address-type area image sensor which reads out an 
amplified optical information signal through a 
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vertical and a horizontal scanning switch circuits, 
and the signal detection method is based on current 
detection. FIG. 9 is a view showing a structure of 
one pixel in the amplification- type solid-state image 
5 pickup element according to the embodiment 1, and, in 
the drawing, 301 is a semiconductor substrate; 302 
are a (P+) area; 303 are a gate oxidation layer; 304 
are a gate electrode; 305 are an interlayer 
insulation layer; 306 are a metallic electrode; 307 
10 is a second interlayer insulation layer; 308 are a 
second metallic electrode; and 309 is a passivation 
layer. 
[0029] 

The semiconductor substrate 301 is a 
15 semiconductor substrate made from n-type silicon. 

The (P+) area 302 is an area in which much arsenic is 
implanted as an impurity element, using an ion 
implantation method to have low electrical resistance. 
The area 302 forms the source electrodes and the 
20 drain electrodes for SI, Sc, an amplifying element 
Amp in an signal output circuit, and S2. Moreover, 
the above -described (P+) area 302 functions, in a PD 
portion, as a part for a p-n junction, wherein the 
part for a p-n junction works as a photo-electric 
25 converting portion. The gate oxidation layer 303 

represents gate oxidation layers for SI, Sc, Amp, and 
S2 . The gate electrode 304 represents the gate 
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electrodes for SI, Sc, Amp, and S2 , and polysilicon 
in which a high concentration of phosphorus is 
implanted is used for the gate oxidation layers 30. 
The gate electrode 304 functions as the control input 
5 terminal of SI, Sc, Amp, and S2 . The interlayer 
insulation layer 305 is an interlayer insulation 
layer of Si0 2 , and is provided for insulation of the 
source electrode, the gate electrode and the drain 
electrode of SI; the source electrode, the gate 

10 electrode and the drain electrode of Sc, the source 

electrode, the gate electrode and the drain electrode 
of Amp, the source electrode, the gate electrode and 
the drain electrode of S2. The metallic electrode 
306 represents an electrode formed from aluminum, and 

15 forms the source electrode of SI, the drain electrode 
of Sc, the drain electrode of Amp, and the drain 
electrode of S2. The second metallic electrode 308 
of aluminum shading arbitrary portions is insulated 
from the metallic electrode 306 by the second 

20 interlayer insulation layer 307. The passivation 

layer 309 secures reliability at use of an element in 
a high temperature and humidity environment, and 
prevents the element from being destroyed by external 
factors, and a silicon nitride layer is applied to 

25 the passivation layer 309. 
[0030] 

FIG. 10 is a view showing an electrically 
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equivalent circuit of the amplification-type solid- 
state image pickup element according to the 
embodiment 1 . A portion enclosed with a dotted line 
is the equivalent of one pixel of the area image 
5 sensor. In FIG. 9 and FIG. 10, PD is formed through 
p-n junction using an n area on the semiconductor 
substrate and the (P+) area of 302. SI, S2 , S3, Sc, 
and Amp are made of a p-channel MOS transistor. SI 
functions as a reset switch for PD, and the function 

10 of S2 is to select a line for a pixel to be read out . 
The function of S3 is to sequentially switch pixels, 
on the selected line n, to be read out. Sc 
represents a control portion which is a feature of 
the present invention, and Amp is an amplifying 

15 element which amplifies and read out an optical 

information signal. A method by which S2 is selected 
by a vertical scanning circuit, and S3 is selected by 
a horizontal scanning circuit is used. The potential 
of one potential of PD and the source potential of 

20 the amplifying element Amp are given by V H showing a 
voltage of 5 V for both potentials. 
[0031] 

FIGS. 11 (a) to (d) are views showing a timing 
chart at operation of the solid-state image pickup 
25 element according to the embodiment 1, taking note of 
one pixel. FIGS. 12 (a) to (d) are views showing 
potential maps at time t 1# t 2 , t 3 , and t 4 , which are 
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included in FIG* 11, for a photocharge- storing 
capacitance portion in the photo-electric converting 
portion and a photocharge- storing capacitance portion 
in the amplifying element • During the period of t x 
5 for reset operation, one potential V p of PD and the 
potential V G of the control input terminal of Amp are 
reset to 0 V by simultaneously setting cpl and 92 at a 
potential of 0 V in a state that Vrs is set at 0 V. 
Subsequently, cp2 is set at a potential of 5 V under a 

10 state that cpl is set at 0 V. Thereby, Sc is put into 
the nonconducting state, and V G is fixed at 0 V to 
enter the floating state. Then, during the period of 
t 2 for reset operation, V p is fixed at 2 V by setting 
Vrs at 2 V. 

15 [0032] 

During the first storing operation denoted by t 3 , 
the potential cpl is 5 V, and SI is in a nonconducting 
state, and V p is in a floating state in which V p is 2 
V during the operation. At this time, when light 
20 enters onto PD in a reverse bias state, photocharges 
Q are generated according to the amount of incident 
light, and charges of a positive hole are stored in 
the capacitance portion C ST (1) of the photo-electric 
converting portion. Thereby, the potential V p is 

25 changed by AV p according to Ql and C ST (1). During 
the second storing operation denoted by t 4 , a 
potential barrier of Sc is decreased by 2 V by 
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setting the potential of cp2 at an arbitrary potential 
of V<p 2 (2), and the photocharges stored in C ST (1) are 
moved to the photocharge-storing capacitance portion 
C ST (2) in the amplifying element for storage. 
5 Thereby, the potential V G of the control input 

terminal of the amplifying element is changed by AV G 

according to Ql and C ST (2). 

[0033] 

During the reading-out operation, all pieces of 

10 S2 for pixels on a line which is selected by the 

vertical scanning circuit and is to be read out are 
put into a conducting state. When pieces of S3 for 
each pixel are sequentially put into a conducting 
state during the operation, pixels on a line to be 

15 read can be sequentially read out. At this time, the 
value of the current flowing in V OUT is changed 
according to a changed portion AV G of the potential V G 
at the control input terminal of Amp of each pixel . 
That is, the optical information signal of PD is 

20 output one by one after current amplification. Here, 
the output current is applied to a resistance R L , and 
is finally output as a voltage. The solid-state 
image pickup element according to the embodiment 1 of 
the present invention has a negative- type 

25 characteristic by which the maximum current flows in 
a dark state, and the output current is decreased as 
the amount of incident light is increased. 
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[0034] 

Then, the difference of the light sensitivity 
characteristic between the solid-state image pickup 
element of the embodiment 1 and that of the prior art 
5 is shown in the following Table 1: 
[0035] 
Table 1 

Difference of light sensitivity characteristic 
between embodiment 1 and prior art 

10 





Prior art 


Embodiment 1 


Q 


1.2 x 10" 14 C 


1.2 x 10" 14 C 


C ST 


4.2 x 1CT 14 fF 


1.2 x 10" 14 fF 


AV p 


0.286 V 


0.324 V 


AV G 


0.286 V 


1.000 V 


Light 
sensitivity 


5.72 V/lx-sec 


20.0 V/lx-sec 



[0036] 

Here, Table 1 shows: the amount Q of 
photocharges generated when the maximum exposure 
15 amount of light entering onto one pixel is 100 lx, 
and light storing time is 0.5 milliseconds; the 
photocharge- storing capacitance C ST for one pixel; the 
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variation AV p of V p ; and the variation of V G . In 
Table 1, the photocharge- storing capacitance of the 
prior art is the sum of 30 fF as the PD capacitance, 
5 fF as the gate capacitance of Amp, 2 fF as the 
5 capacitance between the gate and the drain of SI , and 
5 fF as the capacitance between the drain and the 
substrate of SI. Moreover, the photocharge-storing 
capacitance of the embodiment 1 is the sum of 5 fF as 
the gate capacitance of Amp, 2 fF as the capacitance 

10 between the gate and the drain of Sc, and 5 fF as the 
capacitance between the drain and the substrate of Sc. 
Here, it is a matter of course, different from a case 
of a junction field-effect transistor and a bipolar 
transistor, that the junction capacitance between the 

15 substrate and the back gate or the collector can be 
neglected because a MOS transistor is used for Amp. 
It is found from Table 1 that the light sensitivity 
characteristic is improved by 3.5 times when the 
embodiment 1 is used. 

20 [0037] 

Subsequently, an embodiment 2 will be shown as 
one embodiment of the amplification- type solid-state 
image pickup element according to claim 3 of the 
present invention : 
25 <Embodiment 2> 

In the amplification- type solid-state image 
pickup element according to the embodiment 2, the 
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light input circuit of the embodiment 1 is changed to 
the circuit with the feature of claim 3 of the 
invention. But, the signal detection method, the 
layer structure, and the like of the element are the 
5 same as those of the embodiment 1. FIG. 13 is a view 
showing a structure for one pixel in the 
amplification- type solid-state image pickup element 
according to the embodiment 2, and FIG. 14 is an 
equivalent circuit for the structure shown in shown 

10 in FIG. 13. FIGS. 15 (a) to (e) are views showing a 
timing chart at operation of the solid-state image 
pickup element according to the embodiment 2 , taking 
note of one pixel. In the drawing, 401 is an n-type 
semiconductor substrate; 402 are a (P+) area; 403 are 

15 a gate oxidation layer; 404 are a gate electrode; 405 
are an interlayer insulation layer; 406 are a 
metallic electrode; 407 is a second interlayer 
insulation layer; 408 are a second metallic 
electrode; and 409 is a passivation layer. 

20 [0038] 

PD is formed through p-n junction using an n 
area on the semiconductor substrate and the (P+) area 
of 402. SI, S2, S3, S cl , S C2 , and Amp are made of a p- 
channel MOS transistor. In a similar manner to that 
25 of the embodiment 1, SI functions as a reset switch 
for PD, and the function of S2 is to select a line 
for a pixel to be read out. The function of S3 is to 
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sequentially switch pixels, on the selected line n, 
to be read out . S C1 , and S C2 represent a control 
portion which is a feature of the present invention, 
and Amp is an amplifying element which amplifies and 
5 read out an optical information signal. A method by 
which S2 is selected by a vertical scanning circuit, 
and S3 is selected by a horizontal scanning circuit 
is used. One potential of PD and the source 
potential of the amplifying element Amp are given by 

10 V H showing a voltage of 5 V for both potentials. Vrs 
is set at a potential of 2 V at any time, cpl 
represents the potential of the control input 
terminal of SI; cp2 represents the potential of the 
control input terminal of S cl ; <p3 represents the 

15 potential of the control input terminal of S C2 ; phi4 
represents the potential of the control input 
terminal of S2 ; and cp5 represents the potential of 
the control input terminal of S3 . 
[0039] 

20 FIGS. 16 (a) to (c) are views showing potential 

maps at operation time t lr t 2 , and t 3 , which are 
included in FIG. 15, for the photocharge- storing 
capacitance portion in the photo-electric converting 
portion and the photocharge-storing capacitance 

25 portion in the amplifying element. During the period 
of t 1 for reset operation, one potential V p of PD is 
reset to the initial value of 2 V, and the potential 
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V G of the control input terminal of Amp is reset to 
the initial value of 0 V, simultaneously, by setting 
<pl at a potential of 0 V; by setting q>2 at a 
potential of 5 V; and by setting cp3 at a potential of 
5 0 V. Subsequently, during the first storing 

operation denoted by t 2 , V p and V G is put into the 
floating state by putting SI and S C2 into the 
nonconducting state under a state in which the 

potential of cpl and the potential of cp3 are 
10 simultaneously set at 5 V. At this time, when light 
enters onto PD in a reverse bias state, photocharges 
Ql are generated according to the amount of incident 
light, and charges of a positive hole are stored in 
the capacitance portion C ST (1) of the photo-electric 
15 converting site. Thereby, the potential V p is changed 

by AV p according to Ql and C ST (1). During the second 
storing operation denoted by t 3 , a potential barrier 
of S C1 is decreased by an arbitrary value by setting 
the potential of q>2 at Vcp 2 (2), and the photocharges 
20 stored in C ST (1) are moved to the photocharge- storing 
capacitance portion C ST (2) in the amplifying element 
for storage. Thereby, the potential V G of the control 
input terminal of the amplifying element is changed 

by AV G according to Ql and C ST (2). With regard to 
25 the reading-out operation, the description is 

eliminated because the description is similar to that 
of the embodiment 1 . 
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[0040] 

Then, the difference of the light sensitivity 
characteristic between the solid-state image pickup 
element of the embodiment 2 and that of the prior art 
5 is shown in the following Table 2: 
[0041] 
Table 2 

Difference of light sensitivity characteristic 
between embodiment 2 and prior art 

10 





Prior art 


Embodiment 2 


Q 


1.2 x 10 14 C 


1.2 x 10 14 C 


C ST 


4.2 x 10" 14 fF 


1.7 x 10 14 fF 


AV p 


0.286 V 


0.324 V 


AV G 


0.286 V 


0.706 V 


Light 
sensitivity 


5.72 V/lx-sec 


14.1 V/lx-sec 



[0042] 

Here , Table 2 shows : the amount Q of 
photocharges generated when the maximum exposure 
15 amount of light entering onto one pixel is 100 lx, 
and light storing time is 0.5 milliseconds; the 
photocharge- storing capacitance C ST for one pixel; the 
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variation of V p ; and the variation of V G . In Table 2, 
the photocharge -storing capacitance of the prior art 
is 42 fF in the same manner as that of the embodiment 
1. In Table 2, the photocharge- storing capacitance 
5 of the embodiment 2 is the sum of 5 fF as the gate 
capacitance of Amp, 2 fF as the capacitance between 
the gate and the drain of S cl , 5 fF as the capacitance 
between the drain and the substrate of S cl , 5 fF as 
the capacitance between the drain and the substrate 

10 of S cl , and 5 fF as the capacitance between the gate 
and the source of S C2 . It is found from Table 2 that 
the light sensitivity characteristic is improved by 
2.5 times when the embodiment 2 is used. 
[0043] 

15 [Advantages] 

The following technological advantages are 
obtained according to -the present invention as it is 
clear from the above description. 

(1) Advantages obtained by the invention of claim 1: 
20 Generally, C PD , and C G occupy the majority of the 

storing capacitances, because C PD , and C G are 1 to 3 
orders of magnitude higher than S i c g-d* si c d-sub' sc c g-s' 
sc c g-d* or sc c d-sub* Rarely, there are some cases in 
which C BG _ SUB generated when a junction field-effect 
25 transistor, or a bipolar transistor is used for an 
amplifying element occupies a larger portion in the 
storing capacitances . As the size of the capacitance 
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of the storing capacitance portions always includes 
C PD and C G when, like the conventional element, there 
is continuity between a photocharge- storing 
capacitance portion of a PD portion and a 
5 photocharge- storing capacitance portion of an 
amplifying element at any time, the above size 

indicates a large value, and the variation AV G of the 
potential of a control input terminal of an 
amplifying element is small. On the other hand, as a 

10 photocharge- storing capacitance portion of a PD 

portion and a photocharge- storing capacitance portion 
of an amplifying element can be electrically 
disconnected at any time in an amplification- type 
solid-state image pickup element according to claim 1 

15 of the present invention, the photocharge- storing 
capacitance does not contain C PD . Thereby, as the 
capacitance of the storing capacitance portions is 
decreased by a capacitance of C PD even if the 
photocharge- storing capacitance in the amplifying 

20 element is small, AV G can indicate a larger value 
than that of the conventional element. It is an 
advantage of the invention that the larger value of 

the variation AV G of V G according to an amount of 
incident light causes the light sensitivity 
25 characteristic to be improved better. 

(2) Advantages obtained by the invention of claim 2: 
When the amount of photocharges generated in PD 
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portion is constant, the smaller C ST causes the light 
sensitivity characteristic to be better. As C ST (2) 
is smaller than C ST (1) in the amplification- type 
solid-state image pickup element according to the 
5 invention of claim 2, a value of AV G is larger than 
that of AV p , and the light sensitivity characteristic 
is further better than that of an amplification- type 
solid-state image pickup element according to the 
invention of claim 2. 

10 (3) Advantages obtained by the invention of claim 3: 
Generally, C PD , and C G occupy the majority of the 
storing capacitances, because C PD , and C G are 1 to 2 
orders of magnitude higher than other capacitances . 
Rarely, there are some cases in which C DG _ SUB generated 

15 when a junction field-effect transistor, or a bipolar 
transistor is used for an amplifying element occupies 
a larger portion in the storing capacitances. As the 
size of the capacitance of the storing capacitance 
portions always includes C PD and C G when, like the 

20 conventional element, there is continuity between a 
photocharge-storing capacitance portion of a PD 
portion and a photocharge-storing capacitance portion 
of an amplifying element at any time, the above size 
indicates a large value, and the variation AV G of the 

25 potential of a control input terminal of an 

amplifying element is small. On the other hand, as a 
photocharge-storing capacitance portion of a PD 
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portion and a photocharge- storing capacitance portion 
of an amplifying element can be electrically 
disconnected at any time in an amplification -type 
solid-state image pickup element according to the 
5 present invention of claim 3, the photocharge- storing 
capacitance does not contain C PD . Thereby, as the 
capacitance of the storing capacitance portions is 
decreased by a capacitance of C PD even if the 
photocharge- storing capacitance in the amplifying 

10 element is small, AV G can indicate a larger value 
than that of the conventional element. It is an 
advantage of the invention that the larger value of 

the variation AV G of V G according to an amount of 
incident light causes the light sensitivity 

15 characteristic to be improved better. Moreover, in 
an amplification- type solid-state image pickup 
element according to the invention of claim 3 , a 
controlled potential Vrs x can be used as V p , that is, 
as a potential for reset operation, and a controlled 

20 potential Vt 2 can be used as V c , that is, as a 

potential for reset operation. Though Vrs which is 
periodically changed is required to be used as a 
potential for reset operation in the amplification- 
type solid-state image pickup element according to 

25 the invention of claim 1, easier control is realized 
in the amplification- type solid-state image pickup 
element according to claim 3 , because the controlled 
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potentials can be used according to the invention of 
claim 3 . 

[Brief Description of Drawings] 
[FIG. 1] 

5 FIG. 1 is a view showing a structure of a light 

input circuit for one pixel in an amplification- type 
solid-state image pickup element according to one 
embodiment of the present invention; 
[FIG. 2] 

10 FIG. 2 is an equivalent circuit of the light 

input circuit for one pixel in the amplification- type 
solid-state image pickup element according to the 
invention ; 
[FIG. 3] 

15 FIG. 3 is a view showing a timing chart at 

operation for the solid-state image pickup element 
according to -the invention; 
[FIG. 4] 

FIG. 4 is a view showing space potential maps 
20 at operation for a photocharge- storing capacitance 
portion in a photo-electric converting portion and 
for a photocharge -storing capacitance portion in an 
amplifying element of the solid-state image pickup 
element according to the invention; 
25 [FIG. 5] 

FIG. 5 is a view showing a structure of a light 
input circuit for one pixel in an amplificat ion- type 
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solid-state image pickup element according to another 
embodiment of the invention ; 
[FIG. 6] 

FIG. 6 is a view showing an equivalent circuit 
5 of the light input circuit for one pixel in the 

amplification- type solid-state image pickup element 
according to the other embodiment of the invention; 
[FIG. 7] 

FIG. 7 is a view showing a timing chart at 
10 operation of the solid-state image pickup element 

according to the other embodiment of the invention; 
[FIG. 8] 

FIG. 8 is a view showing space potential maps 
at operation for an photocharge- storing capacitance 

15 portion of a photo-electric converting portion and a 
photocharge-storing capacitance portion of an 
amplifying element in the amplification- type solid- 
state image pickup element according to the other 
embodiment of the invention; 

20 [FIG. 9] 

FIG. 9 is a view showing a structure of a light 
input circuit for one pixel in an amplification- type 
solid-state image pickup element according to the 
invention; 

25 [FIG. 10] 

FIG. 10 is a view showing an equivalent circuit 
of the light input circuit for one pixel in the 
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amplification-type solid-state image pickup element 
according to one specific embodiment of the 
invention; 
[FIG, 11] 

FIG. 11 is a view showing a timing chart at 
operation of the solid-state image pickup element 
shown in FIG. 10; 
[FIG. 12] 

FIG. 12 is a view showing potential maps at 
operation for a photocharge- storing capacitance 
portion of a photo-electric converting portion and a 
photocharge- storing capacitance portion of an 
amplifying element in the solid-state image pickup 
element shown in FIG. 10; 
[FIG. 13] 

FIG. 13 is a view showing a structure of a 
light input circuit for one pixel in an 
amplification-type solid-state image pickup element 
according to another specific embodiment of the 
invention ; 
[FIG. 14] 

FIG. 14 is a view showing an equivalent circuit 
for the light input circuit for one pixel in the 
amplification-type solid-state image pickup element 
shown in FIG. 13; 
[FIG. 15] 

FIG. 15 is a view showing a timing chart at 
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operation of the solid-state image pickup element 
shown in FIG. 13; 
[FIG. 16] 

FIG. 16 is a view showing space potential maps 
5 at operation for a photocharge- storing capacitance 
portion of a photo-electric converting portion and a 
photocharge- storing capacitance portion of an 
amplifying element in the solid-state image pickup 
element shown in FIG. 13; 
10 [FIG. 17] 

FIG. 17 is a view showing a structure for one 
pixel in a conventional amplification- type solid- 
state image pickup element; and 
[FIG. 18] 

15 FIG. 18 is an equivalent circuit for one pixel 

in the conventional amplification- type solid-state 

image pickup element . 
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106 METALLIC ELECTRODE 

25 107 SECOND INTERLAYER INSULATION LAYER 

108 SECOND METALLIC ELECTRODE 

109 PASSIVATION LAYER 
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(74)ttSA 





(54) [«Hf3(7)^] JHfg£!@ttifttt$-? 



(57) [gift] 

PD y-tesf hxw 1 «. PD©- 

©s{4ccffssnaH5£-r*ft:»©fc©-c*-5. Clasps 

Hg&SP©SS9$£. *«Wf?-©»WfflA*«7-<c«;A 
34T.5#3ffi* J £«3n4J8fflJR^©3«8B&. SSIW 
«»*• *H»©W!M.*tT9. 
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ID7- 
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fOt 
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innmi) itoxwrn^n^x^MM^^^ 

tcmwm+vfflwmAJjffiwcm*, ^©AS-fficctfci? 
Ltcmmm^z&mmct icmaLxmsttu-rmaMm 
tmmm+ias^x. mMytm^&iicx^Ltc^tm 
rnz mm? *> ftwg&8m®m.u t . mm^^mm 

tgtu &mmctt<.mm2titc&m<D®m%i£#>iif$, 10 
set m. t r zt%<m.mi*M®m*. 

WWm 3 tl -5 gfi© A i* 3 J: 9 3 1 > C <!; Sr&it <!: "f 

i&womMKmi] 20 

[000 1] 

<?i¥ffl{c«. 7r^>5'J, fc^-SPTfiL tr^*y 

[0002] 

WmM&Z ■{ -J ?®3&*ftL XWcfrtiATX YT K 
IiV7 ^y-yH2>"^-C*-5„ 0 1 7 Kfie*^{iPj©F*3 30 

mmsmmtmw&ii^ ©ibs 

5 0 1 tePMmUg&is V a 5 0 2 « ( n +) ffi 

fc©). 5 0 3 iti/ V =i>mitm. 5O401T;U5- 
Ai. 5 0 5 «<gtgtS# y >'J >m. 5 0 6iW 

tmm. 5 o 7w^2r;i' = -^Aii-c-*>6 0 

[0 0 0 3 ] U$m*(D 1 Higltt. #m&§B£ It© 
(n+) P77h?-ft-PPDi, PDcDV-fe? Fffl 
X v * T r s ilti^Ta tSfijltRX -fyfTy 40 
© 3 <M© n + * -»UM O S Sl?^^? h ^ > ^ X 2 J: 0 * 

C 5 T = Cp D + C G + r s C C . D + r s C 
7* h^-^^-Kilffi©m{i^{bAVp « 5K« t A«*S{t£tWl/-C«T© (2) 5$©J: ^Cfc*,, 
AVp = Qp/C SI 

= Qp/(C„ + C t +rsC c .,+ rsC ( . i „) ••• (2 ) 
Ltc&-,X, tmm^T &<DY- (3) 3; ★ ★ ©<fc5CCft£„ 

V« = Vp 

=V„-AVp 

= V,, s -Qp/(C„+C,+ rs C c -„+ r sC„- S0 .) ••• (3) 
^mL/EI3g©*W#«:Av. L£l,><iimJBE& V, .fTS 50 <b. ifiliI^©Hl*mffV 5 l3:, < 4 ) 5£©J: StC&S. 



CC«W&*vtt,>S. mflSI¥*^(3:. MSWiCtt. PD 
?rl^WrXtt®i L/-C^©A*ffi«Cfic??0-C^O?c 
ft^S:, PD©gSgPC, 0 RDfif«^Ta©S:aS|5 
C«^KSaL--C. T a©*HaJfflA*^-C*Sy- h 

ms©mfiL*^{t3-t+. ftm®K.-&t>ii:tc%mmm^*: 
[0 0 04] hsaiaicctei,^ ytn^&asPD© 

— :£©H<£VpW:. TrsSilttiKf5CiKJ:0 

rmmv r s OEwm tetssgsn*. ggjwnsjctfct* 
n, lETittgiKrcsfcm-r*. o/c#-?-c. vp©m{i« 

AS*7£a{CJSDTjail>T.S. Vp{i*ii|I^Ta©$« 

t,i-2>©-C. Vp01fiiTa©y-hSS©lfiVo« 
^c|3J1i{i£>5:S„ V ptim'PLtcC ice J; «) v. t>m 
B#CC$&J>U PDCVpfClDG/cifitiSn/cmgE^Ty 

mm (^*spDfcA*tL/^^tss) r-^A-© 
AW^fi^^sKi-^ti-cv^eTc. 

[0005] m&m&m+tcto^-c. mwmm*t u 
xm&ztizmmtsmjit Lxftfmtmm*$> o . t 

rs©y-F • FU^>f|glr sC c -,. KU-O- 

#£„ ±ieSSfi©*-r-. r s Ceo. r s C-su.tt^ 

9. C 5T ««T© ( 1 ) ST^-rci^WJfe-S. 
[0006] 

•• ( 1 > 



(3) 

3 4 
V s =A v (V G -V T ) 

= A v (V R s-Q p /(Cpd+Cc + r sC fi . D + r sC.. s „+)-V T )- 

x. wm'&omxmmt. ■gmmK*:R^t-?z>t. * * (5) ^©.tsccft*. 

I s = V s/R L 

= (Av/IO{V, s -Qp/(Cpo+C 
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(4) 



c o o o 7 ] irie ( 4 ) sestf ( 5 ) 5U: n . xmutc 

#0. Cs t^^C»g. AVs • A I s#/jN3<ft& 
*im©Hi^fflOS!{tfiAV s • A I s >&VJn;S < fcD. 

[0008] mtm&mw&mmt • *afbwjt*ffc 
*sfttftf>*Stt. -r^f^^m^^K^^^sn-c 

HOT. ^Jg^rt^ftSCittHmt^fR^ 1 ©^ 20 
[0 00 9] 

[gift] *IPJ§B. ±j£© ft 3 ftfc& 

@(*»«*^s^-r * c i *swt or ft stifcfc cd 

[0 0 10] 

[fl|j£] *#£BJ«, ±fBgffJ£>§/&TSfc«>K:. ( 1 ) 
3fc©AStacC&#OT#SM£#8£3tt£:m^&a5£ 30 
WO. tt%«^««nRcr£Cc^3tift:i|»4BR?<i!>IM 

saigtr t tcittM o rttettrr*f ^B04Mi*?<c*s 

fIg&§|5©:§«S|S£. ^^©fMiSPfflA^isHHcagA 

flgC^r^mWCC^ • #8l©tt£;t£nJ#g£ 0. Sffii^ 
<r<fcK««3ftfcffi«©$OT^<fca>&li5a££. 
tt. ( 2 ) fioia*fitIsR-?(c«A 3 ttfc3fcWHf#SS3 n 
5§S©A-*3#. £«^tf«:T!fc£Oft:%ttfflas* 40 

MM? -5 C £ #t oJtfeftffeCDf 09lS«RCt A: 
Oft: *>©■?&■£., JiTF. *^©JS56WCcS-5l>ritt9B 

[001 1JH1B. #»9JCCJ:SlMfflHf«M*-7- 
<!>-*ft«*tt*-f*fcat>©llllSB|-C. H*. 1 0 Hi 
#igfl*gg. 1 0 2 tittPRKtftilftMtf. 10 3{*y- 

i o 4«-y- hms. i o 5i£Sfai&it3iR. 50 



+ r sCco+r s C d -sub+) — V T } --(5) 

1 0 6 ii^sms. io7tiS2 igfaafcisjg. io8« 
f2^i. 1 0 Qimmm-c&z. *«n*. wb 

MH(*»#^©7l&A^|B]gS^ft*5^^^gPK:r^ 

-c©«jgccM-ret©-c*9. wkwhhpjsii*©©* 
m^HisoTSSjKuttffi/Jtti*. ifc*bt. mum* 
«K©m#u*n»#ts8&*6ffl^raxi*sff*ia*a:x 
ttWSrtfeW:&5S;*Bffl oru>r fe*r©*sc«:fiffl*J?i 
tt-c«s. jwtcc. *^©i#ihs@<*^»^©srr 

• «i» - *flBHK**A*HBK:BOt:o*»WI-r*. 

[0012] #«»S« 1 0 1 «. 3>*ne,fca* 
a§#S«£StO. ^^^©^^^©SSffJft*! 

g.ffl&\ 0 2«. «Ffc8iria^iK!g)7t^?r^fiCCigA3-ti' 

rcmm-cmnmm^ < . sixitsc©y-xii^ 
ffttttKWfti 0 2 t&tmgmsm.-c*>& p ng^o- 

JSfcJIoTt,**. y- h&ftJgl 0 3BS lXiiSc© 

y- f-BHtjg*^. y- fs&i 0 4«s ixbs c 

©y- h^@*^0. jI^p olySi 4>0< 

4 Fto< wrr^s-^ASfcwm^n*. 
io4bs ixfjs c©»iiaifflA^^©!a:e**fco 

BISt&ittRl 0 5tiS i o,2?tc joules 3*1 
•2.®HI*fcBfeM-Ci5 «3 . SIXttSc OV-XSS. y- 

9j&£3fts*e*fiu siov-xtgsysc© 

K U-f O "CI**. I2ITOMiI10 7 

«. ff.«©S3f©i«*©!9:a*-r6^2^RSSl 0 8 

4. ^jsaffii 0 6©iieit*-r-5fci?)©m2Mfg^iK 
•c*s. 1 0 9 itm^on&ftmst&s-cwmm 

tt=&5l«0. ^fi«JSH(cj:$^T-©K«4R»±r*)ti!& 

[ooi3]B2B, @i ec* ufcm &<D®<mm&m 

#IRT©*A^|5Igg©^ffi[lS§-C*-5». PD«A**0/c 

^©g^cic; trc#*»#«»£-r & 0 . 

5 1 BP D©-*©m(4V pacfWMH'OlWaifflA* 
4&?-©S& V 6 * **a-eft ffi*©*ttfcffiWWIHIBJ£'r 

©#SJ<!:ft4*lJ©a5rAS„ Sett, *«^gP6C"C^ 
*0/c^^*J§S3nS^m^g|5©Sfigp<b. 

^©$u©fflA^^-tc^A3 tizytmts Mwmz 



(4) 
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a^F ©*fifc*« o , p d ^coytco A*t»c#c?r l t 

{ l^fc^to^fc W*«EX« W»«3Wt# WB 2 *i 
1. ^2(^^nSl, S c ©«B»fflA*iSH=-*^ 

-So 

[00141H3 (a) - (d) B!#3H 1 fcffilS© 

Si8t*§, iw^tt, y -b v MbfE • sr l ssubff • 
»2««»f¥-itoaiL»ffi«:^:#<^i&ft43atf, st 

t,. t s . t 4 «c*$ws, ytmm^<D^tmmmm^M 

T*>^-rJb^t^-r) *H4 (a) — (e) &C^-T 0 * 

mmmtemmm^te. »K#A*0tt6c****ror 

(a) - (e) fcfflOTJMTKSMBTS. 

[0 0 l 5 ] y-fe? hSfrmot ^JHKKcfeiiT. *l 
<b^2^[ai^cc, ^ti^nv, t (1 ) % V* 2 ( 1 ) <D 
«ffiCCK3£-rSC4fC«tO. 3fe«SSSSSPD<D— J©i 
fiV p^^tfifi^O*J«IIfflA^^<D^{iV c ^^ 
iVrs ( 1 ) fcKJESftS. :Xic, * 1 £V 
* . ( l) «:B3EL-/c**r*2*v« a (3) (onmc 



* r s ( i ) tcBjestt^n-^-f >^tKag<t&&„ 
ec % y-fe? hSbffrDt ^Wcfcur, Vrs^vr 
s (i) ttta«ca*ttvrs (2) scss-rsciK 

VpBVrs (2) K@5££*i£o 

[0016] t 3 -e7jkLtcmiwmmmcte^x. </>i 
©masrv* 1 (2) iit. s li^Kiyasirs 

CitcjrO, Vp«:7P-?w:>ytK«<ttt*. CCD 
B#, jB^-fr^tSlB©PDK5fe^A»'r4Ci«:«fcf5, 
j^A«*K:**>-ttrj!6KWQl3WS*L, H^£IE?L 

sx (1) CCfiSSJL/tAVp^t^t-r*. t^-c^u/c 

»2W»&fttc*«,>T:, ^2©m&^v* a (2) 
*5l>U c ST (l) ccMSftT^fcjtTO^tt*^ 

cwfcwtsasMWc.x (2) tc&mLwmztiz. * 

*lfc«fcD. itWR^OlWfflA^WFccrtlttVatt. Q 

liCsT (2) CCttSO/cAVeftiWSEffcTS. V c C0m 

««*-¥-cc*5i»"C, *«^ftSBPD«:rA»L/fc*o« 
st ( 1 ) PDCD^MCpoSC/S 1 ©y- F * FlW 
Sc©y- h * V-XHgfi sc C c _ 5 CD^W<b#iL^C 



risn^ 0 ±iac 5 



Cst (1) ~Cpo+SlCc-0+5lCo-5UB+ScCc-S 

( i > icwmztiZf&mm&Q 1 *3o* i-rst 

AVp=Ql/C„ (1 ) 

~ Q 1 / ( C PD 4si C C -D +Si Co-sun +SC Cfi. s ) *" (7) 

[0018] fre%ttmnni«c, T ( i ) tcsssn 
■c^tcitmmx s c ©fwgiKj: o JS4S3&?-©:*ai53fS 
gac ST (2) (cies3ti&. c©s$. ^m^Aipas 
nsfic, <2> «. scoy-F - k Harass* 

Cst (2) = scCo-o"^"sc Cd.suj + C 0 "l"Cj6-sin 

±iaC 5T (2) CCBaStifcttffSiiQl ASAV.tt. 

t«i/t»©r. tf*i^©*iJ®fflA*ffi^©m{i©gfb#4o 

AV g = Ql/CsT (2) 

— Q 1 / (5cCc.d+scCo-5U»"I"Cc "I" CbC-SUB ) 

[ o o i g 3 x. wm2 icm%t<Dmmm<m&m* 
n*. ±k. c 5T (i) jcjt-^ c ST (2) *^s<-r 

4C flt*Q2f<:iett©WiaBtt 

a»JIW-«:*»«,»-C. C ST (1) (Cttt. Cst (2) *^ 



••• (6) 

v p ©m&©^fk«A v p «. 



©y- hgac c ©ii®ifai^^.sci*s-ctr«>. ^c*j. 

(8) 



• (9) 

*fflt>&C ice J: 9tt£B£/.h3 <tSCi {JoJtgKfe 



-mams. c„&fr2^wt&&!&m i &<rj:z. it* 

AV c /AVp= (Ql/C st (2 
= C SI ( 1 ) /C ST 
[0 02 1 ] »*3B3 KK«©*»9!<!)*i*BaB 

li^^3 KEIlOJf M£HttMB£PO 1 Hi3R©3fcA;>J 
@S8aJ©«3i^^-r0-C&.S. 0*. 2 0 1 «4Ugf*S 

fi» 2 o 2 w^^tjags^st 20 3B^-h mt 

WU 2 0 4«y-h«g 1 2 0 5 ttJMtMJtn. 20 6 

immnm. 2 0 7iiJV2jniiu&KM. 2 0 8«t2^ 
Rttfe 2 0 9««SJg-r-*5. 
CO 02 2] f IMS2 0 ltti'V3>fKJ:4^ 

tt&seau mm*>mm<D*i&W5tm<Dmmmt£mx 
mxmm.mfam< . s ixfcts e »x«s«,©v-** 

0 2 «^6^^ftSPr*Sp njg£©— 4S*fflr>-Ct<»4. 

y- h«rtiS2 o 3iis lxasciScioy-FBWfcjR 
y- bm®2 o 4«s i x«s cl x«s„<Dy 

amp olySi feL<tt^"J1f-< r F 

4 fct S 1 Xtt S c , Xtt S „ <DfflWmAJjtf&-<D®3i& 
fcLX^i. Hfffl*fiil»il2 0 5»S iOimz&vm®. 

znzmmammx&t). s ix«s„xwsc.©v- 
^ii. y-Fs@, h-i>>(>&mz-£ti j etimMT2> 

fc»fC8iBStlTt>S. ^JS«^20 6tiT;U5--?A 
»©&IIIK:j:»>jRiK3ftSW*£*u Sl©y-« 
fiSRCJfScjOFU-f >«ffiSCJ t S„©V-^«ffi. FU 
-f>«S*JBJ*LTt»S. Iff 2/1(18*6*1^ 2 0 7«. 
^CD@BlfcDig*©S:S*-rSII2^l«e2 08i, ^ 
HS@2 0 6©^£T£/c#©SII2liraiJ6i^r* 
5. SUM 2 0 9tt3R^©iS«aiS®««^'r?©fi»14 i fc 
IKIU JfBBHKJ:4*^0»lttHUl:t4fc»©fi! 

mittftxitimmommmm&wTmx $> *„ p d « 
as* ufc*©s(cj£; & xy&ffitfi&&-s-&ftwgm&>5: 

S?0. S 1 «P D©— #©«<av p £ffig©*fiV r s 

1 Kffi£J8lSB5£-sr£>fc«>© PD'JtvhX-f* 

5„ S cl ft&S.,tt. ■ft^3fcgettO*ft9i®ttft<!: 

s ca «. ymgikmcxftaLhtcft 

©SSSP&. «RW«:aBI!l-»IB©WSlit«?T5fcae){c 



5) <fSM¥6 - 1 3 5 9 7 

8 

*^2tcEttom&iltMMHK : f'r». C ST (2) < 

Csr ( 1 ) ft©^ (10) #>6AV C ©«I#AV 
P<fc9*£<ft«5. ft*® 1 ©*i*i^@<*««^{CJt 

) } X {Q 1/Cst (1 > } 
(2) -(10) 

io CC8kt*54vCi>&. V«t«ttWI3R70Mn^A^«T- 

©lfi*iL. PD^©3fc©AMSKfl<#t,r&£L'3£ 

?<D«aat(csa3ns&. v e ©mte«^bu v 0 © 
i. *2. *3»*n-ens i . Sd. Sc.©fliWBA 

20 [0 0 2 4 ] Ml (a) - (d) ii3ai3CCfai8© 
*»WOHf«M«-f-©«lfWO *-f5>y*i>-F£ 

t , , t , k few S3fc*£ifts&©3fc«srswg*a5 t mm 

«W¥-»2WW»fpKo(,»-c, ^ISIBOIKWWWR?© 

30 #Sk*06~0 8 (a) ~ (d) £/Bt>T«T«:sftHJJ-r 
-5. 

[0 025] U-fe* FttfEOUOKIIHtcteO-C. * 1 
«t« 2SO : <<>3*|5)^«:. -en-etlV. l (2) . v« , 

(2) , v (i ( i ) ©«<acc»jrrsci(c«to. ?k 

^»g|JP D©-*©mfiV p ifiWimv r s , {C. if 

«it*3 ©s{4*ig^cc. -en-env, , ( 2 ) . v 
♦ , (2) i L/T. s 1. s„*Taw««tr*ci 

40 wo, vpMvjwn^o-f^ytt.fi 
* 4. c©u$. j£--^rxt«s©PD{c^AW-r-sc 

i f c <fc 0 . 36© AW*"(c^*>«-C3fcSSf Q 1 L/ , 
t. iE?L© i' % 6 *>— *©^?w*57fc^glSP©^SS15 

c 5T (i) Ksssns. -entcto. v P ©mfir«Q 

liC„ (1) (Ctt^OfcAVpftiW^t-r*. tj-r 

^Uifcm2Sattmc*j^-c. <f»2©SCi*V 

*, (1) itiCiKif). S C1 ©^^>^*^M 

*«fiE*<o«Kt*jfei>o. c.t < i > (.cwmztix^ttft 
nmmmm*<oytnffiwm®m&c„ (2) (c^kl 

50 •€■*!«: «fc»j. ttiHsST-OMffllfflA^^ 1 © 
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«ttV«tt. QliC 5T (2) JctfeffLfcAV.flSWSMfc 

[oo26] -r&*>ti. m#m3 iazm<D&mi<Dm& 

C5T (1) ~ Cpo +51 Cc-D "t"5lCo-J0 8 "^5C1 Cc 

±IEC iT ( 1 ) t£g«3n*.H?wfi£Q 1 * * i-TSi, 
AVp =Q1/C SI ( 1 ) 

— Q 1 / (CpB+siCc-D+SlCo-^UB+SClCc 



, T ( 1) tt, PDogtc PD sc;s 1<DY- h * Kb>r 

-(in 
v p ontiLomtm a v P 



5 ) -(12) 



[0 0 2 7 ] g»^ttffi8fll$BC, T ( 1 ) KSfllSft 

r 1 »fc*«ftt s c 1 ©WBiocj: 0 JMM^ojtmffiSfll 
SICst (2) ic3£iM^n^ 0 C<OB#, 3K8WM» 
ft£S«C 5T (2) tt. Scx^Y-F ' FW>lfflS* 

Cst (2) = sci C 0 _ D + SC1 Cp_s 



: 2 Cc- D +SCJ Cp_ s 



+ Cc + Cbc-51)0 

rs^n^o ±tec 5T (2) fcga?n/c^i?Sr£«Q 1 ^iav 6 ij, 

AV 6 = Q1/C ST (2) 

= Q 1 / (sClCc-O+SClCp-suB+sCiCc-D+SCi Cq 



• (13) 



Cc + C ft0 _suo ) 

[0 02 8 ] s»5KB 1 &c«»;»B2 tcsett©:*» 

owoBfl^HRjRT-o 1 mm<Dm&z^-?m-c, a*. 

3 0 1tt*«tl«, 3 0 2»(P+)i«, 3 0 3W 
Y-MMfcR 3 0 4fcW-h««, 3 0 5«JHBttatt 

n, 3 0 6c*&ir*&. 3 0 7aff2mme«HR. 30 

8 »ft 2 &BM 3 0 9 »«flUt-e«» & d 
[0 02 9]*Iitl«30 1it nS^»;3>«cJ:4 
*3«tai«t»-r. (P+)««3 0 2lt ttCC«R« 

u^>«s**j5KLrci*. X, PD»rtt, frte (P 

+> ««3 0 2 ttJftSseftaur** p ng^CD--*g£JI 
otl^„ Y- h»ffcB3 0 3US IRO'S c&O'Aro 
pRO^OY-hBOT^**"*". y-h*ffi3 04W 
S l&tfS cMAmpMS 2©Y- h«ffi*?RU 
«WS«KCCiBA3ftfcp o 1 y S i 3&sfljl>6ftri> 
£ fl y-Hi3 0 4ttSl. Sc, AmP, S2<D$IJ 
«BIfflA*iST-OfttB**ft:L/Tli* 0 HH«ttR3 0 5 
ttS i 0,OJf fyjJ^Mr&O, SIMScMAm 



- (14) 

6fc£T;U^^ACC£9ff2/a£ftfc^@£3tU SI CD 
V-^«SRffS c<E> FU^>lSMAmp<DKi/^ 
>«^i?S2<DFW>fM*JBfiRUr<,>4. S21 

^•)AS2^Ili3 0 8i, &R«S3 0 6O]6iK 
^■r^/<ii?)(D02Jira^Mr$>^ e Ml3 0 9tt^ 

CM OBtefc^r, PDtt¥*f*X«©n««<!:3 0 2 
<D (P+) ««*flH>fcpn^6Cj:9^J5S3ftrc> 

SI. S2. S3, Sc. Ampte-eft-eftp?-* 
*JUMOS h^>^X£Kcfc9Bf&3ftTt,>£ 0 Sltt 

tx^t n ff ©^si^iH-riii**)!^ 0 ^faa^^ 

S2t*aitt*alEH»K:j:0«RSn. S3»*5P 

5V<30«JE*^O, PD(D— *(D»ffli*iMi* J f-Amp 

[ 0 0 3 1 ] H 1 1 ( a ) - ( d ) ii, 1 CDHft 

50 li«sR^©ttffiRF©^^ 5>Y^i--- hftliHSRCCffiB 
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